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(54) Fabrication method and strcuture of an integrated circuit package

(57) An integrated circuit package is provided with a
ball landing area having a conductive structure for inter-
locking a conductive ball to the ball pad. The conductive
structure improves the attachment strength between an
integrated circuit package and an printed circuit board.
In an exemplary embodiment, the locking structure is a
conductive material added to the surface of the ball pad
to provide a nonplanar interface, such as a dome or a
step, which interlocks the conductive ball to the ball pad.
The improved package construction increases the area
of contact, moves the shear plane to a higher and larger
portion on the conductive ball, and/or prevents a crack
from propagating along a flat plane across the ball joint.
This package construction maintains the small size of
the ball land areas and the package, increases the life of
the integrated circuit package, while offsetting the prob-
lem of package warpage.
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Description

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provi-
sional Patent Application No. 60/126,234, filed March
24, 1999, and U.S. Provisional Patent Application No.
60/123,116, filed March 5, 1999, and is related to U.S.
Nonprovisional Patent Application
No. / , filed  (Attorney
Docket No. 15114-052310), which are incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to the field of
integrated circuit substrates and packaging and more
specifically to methods and devices which improve the
reliability of conductive ball joints, especially when
mounted on a printed circuit board.
[0003] Integrated circuits (ICs) or "chips" are
becoming denser and are providing higher performance
and functionality per unit area. Many ICs have hundreds
of pads that will interface with the printed circuit board
(PCB). The packaging for the IC seals the chip and con-
nects the pads of the chip to the balls, pins, leads, or
other electrical contacts of the package.
[0004] It is important that the IC package is rela-
tively low in cost. Previous generations of IC packages
were ceramic or included materials or used techniques
that increased the cost of the packaging. It is also
important that the IC packaging sufficiently protects the
chip and provides the necessary number of electrical
connections, and provides this function using as small a
package size as possible. A package with a smaller
footprint takes up less PCB space and more ICs can be
mounted on a single PCB.
[0005] Another important consideration in IC pack-
aging is reliability. One concern is that when an IC pack-
age is soldered or otherwise electrically connected to
the PCB, the IC package should be reliably electrically
connected to the PCB, or else over time open circuit or
no connection failures will result. Because temperature
cycling occurs when the IC heats up during operation,
and cools off when not in operation, the solder connec-
tions between the IC and the PCB may be subjected to
shear and stress forces as the package expands and
contracts. The solder balls may work harden and then
fracture. Consequently, cracks in the solder balls will
cause open circuits, and ultimately system failure.
[0006] Therefore, as can be appreciated, methods
and devices are needed to provide IC packaging with a
lower cost, smaller package size, and better reliability.
Specifically, there is a need to design integrated circuit
packages which enhance solder ball reliability and lon-
gevity while maintain the small size of the package and
large amount of contacts between the die and the PCB.

SUMMARY OF THE INVENTION

[0007] The present invention provides electronic
devices, integrated circuit packages, and substrates
having an improved conductive ball land area. The ball
land area has a locking structure that improves the ball
joint by interlocking the conductive ball lead to the land
area on a substrate of the integrated circuit package. In
one implementation, the locking structure is a conduc-
tive material added to the surface of the ball pad to pro-
vide a nonplanar or discontinuous interface, such as a
dome or a step, which interlocks the conductive ball to
the ball pad. "Nonplanar" is used throughout the speci-
fication to mean that the interface has more than minor
surface variations and that the nonplanar interface sub-
stantially increases the area of contact, moves the
shear plane to a higher and larger portion on the con-
ductive ball, and/or prevents a crack from propagating
along a flat plane across the ball joint, such that the non-
planar surface slows the movement of a crack across
the conductive ball. This package construction main-
tains the small size of the ball land areas and the pack-
age, and increases the life of the integrated circuit
package, while offsetting the problem of package warp-
age.
[0008] In one aspect, the present invention provides
a substrate. The substrate has a dielectric layer having
a via which extends between a first surface and a sec-
ond surface of the dielectric layer. A conductive ball pad
is positioned to permit electrical coupling through the
via. A second portion of the conductive ball pad defines
a nonplanar interface for a conductive ball and extends
through the via toward a plane of the first surface.
[0009] In another aspect, the present invention pro-
vides a semiconductor package. The package includes
a dielectric layer having a via which extends between a
first surface and a second surface. A conductive pad is
coupled to the second surface of the dielectric layer and
is positioned to permit electrical coupling between a
conductive lead and the conductive pad. A conductive
structure is disposed over at least a portion of the con-
ductive pad. An exposed surface of the conductive
structure and any exposed surface of the conductive
pad define a nonplanar interface which engages and
interlocks the conductive lead. The nonplanar interface
has a larger surface area than the area of the conduc-
tive pad.
[0010] In another aspect, the present invention pro-
vides a system for coupling an integrated circuit pack-
age to a printed circuit board. The system includes a
conductive ball and a ball land area disposed on a sub-
strate on the integrated circuit package. The substrate
has a dielectric layer having a first surface, a second
surface, a thickness extending between the first surface
and the second surface, and a via that extends from the
first surface to the second surface. A conductive layer is
coupled to the second surface of the dielectric layer
such that the via exposes a conductive ball pad of the
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conductive layer which permits electrical and mechani-
cal coupling to the conductive ball. A plated up structure
is disposed on the conductive ball pad and extends into
the via. The plated up structure increases the shear
strength of the interface by moving the shear plane to a
larger portion of the conductive ball.

[0011] In yet another aspect, the present invention
provides a method. The method includes the steps of
providing a dielectric layer having a via. A portion of a
conductive layer is exposed through the via in the die-
lectric layer. A conductive structure is added on the con-
ductive layer to create a nonplanar interface which is
exposed through the via.
[0012] In another aspect, the present invention pro-
vides a method of engaging a conductive lead. The
method includes the steps of defining a land area on a
substrate. A material is added to the land area to create
a nonplanar interface between the conductive lead and
the land area.
[0013] In yet another aspect, the present invention
provides a method of fabricating a substrate. The
method includes the steps of adding a conductive struc-
ture to a surface of a ball pad. A coating of photoresist
is applied to the conductive structure. A desired portion
of the photoresist is masked and the photoresist is
exposed to a light source. Portions of the photoresist will
be exposed to light and other portions will not be.
Unwanted portion of the photoresist can be removed.
The unwanted portion of the conductive structure
underneath the removed photoresist is etched away
and the remaining photoresist is removed.
[0014] In still another aspect, the present invention
provides a method having the steps of providing a die-
lectric material having a via which exposes a ball bond-
ing pad. A nonplanar conductive locking structure is
then formed at the bonding pad. A conductive ball cou-
pled to the ball bonding pad without the locking struc-
ture defines a shear plane, and the conductive ball
coupled to the ball bonding pad having the nonplanar
locking structure defines a shear interface which has a
larger area than the shear plane.
[0015] In yet another aspect, the present invention
provides a method having the steps of providing a
printed circuit board and an integrated circuit having a
ball bond pad which has a conductive ball locking struc-
ture with an exposed surface which limits the movement
of a fatigue crack across the interface between the ball
bond pad and a conductive ball. A conductive ball is
interlocked between the printed circuit board and the
integrated circuit.
[0016] Other objects, features, and advantages of
the present invention will become apparent upon con-
sideration of the following detailed description and the
accompanying drawings, in which like reference desig-
nations represent like features throughout the figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

Figure 1A illustrates a ball grid array package;
Figure 1B illustrates a conductive ball land of the
ball grid array package;
Figure 2 is cross-sectional view of a conductive ball
and a conductive ball land area prior to temperature
cycling;
Figure 3 is a cross-sectional view of the conductive
ball and the conductive ball land area of Figure 2,
after temperature cycling;
Figure 4 illustrates an exemplary conductive ball
land area incorporating the present invention;
Figure 5 is a cross-sectional view of the conductive
ball land area of Figure 4;
Figure 6A illustrates a planar interface between a
conductive ball and a ball pad without a conductive
locking structure;
Figures 6B to 6K illustrate some nonplanar inter-
faces of a ball pad having a conductive locking
structure where the exposed surface is shown in
solid lines and the unexposed portion of the con-
ductive pad is shown in dotted lines;
Figures 7A to 7C are cross-sectional views of a
three-layer tape having a punched via and conduc-
tive structures disposed within the via;
Figure 8A is a view of a chemically etched conduc-
tive ball pad;
Figure 8B is a perspective view of an integrated cir-
cuit package comprising a plurality of conductive
ball land areas having a conductive structure;
Figure 9 illustrates a integrated circuit package hav-
ing a transition medium disposed between the die
and the dielectric layer;
Figure 10 is a plan view of an integrated circuit
package having oval conductive ball pads with the
major axis of the pads oriented toward the center of
the package;
Figures 11A-11C illustrate an exemplary method of
the present invention;
Figures 12A-12F illustrate another exemplary
method of the present invention; and
Figures 13A-13C illustrate yet another exemplary
method of the present invention.

DETAILED DESCRIPTION

[0018] Ball Grid Array (BGA) packages meet the
demand for integrated circuit packages having higher
lead counts and smaller footprints. As shown in Figure
1A, a BGA package 11 is typically a square or rectangu-
lar package having a die 12 which is adhered to a sub-
strate with an adhesive 13 and is encapsulated with a
molding compound 15. Bond wires 17 electrically cou-
ple the die to copper traces 16. The terminals of the
BGA package are in the form of an array of conductive
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balls 22. Conductive balls 22 are connected to copper
traces 16 through punched or etched vias 18 in a dielec-
tric layer 14. Conductive balls can be any type of con-
ductive material used to electrically connect and attach
the package to the PCB. A solder ball is one type of con-
ductive ball. The conductive ball terminals are designed
to be mounted onto a plurality of ball lands (not shown)
located on the surface of a printed circuit board (PCB)
or other suitable substrates. Recently, BGA packages
have been fabricated using tape automated bonding
(TAB) processes and flexible circuitry, which typically
includes copper traces on a thin polyimide substrate.
The dielectric substrate and traces are often referred to
as a "tape". Electrically conductive leads may be lami-
nated on one or both sides of the TAB tape.

[0019] BGA packages and tape technology, how-
ever, do have some drawbacks. Potential problems
include manufacturability and reliability problems due to
cracks in the conductive balls or silicon die during pack-
age component assembly and reduced conductive ball
contact life when mounted on the printed circuit board.
Such problems or limitations arise when the coefficient
of thermal expansion (CTE) of the packaging materials
are sufficiently mismatched to a CTE of the silicon chip
and a CTE of the PCB to which the component is
mounted. This problem is commonly known as thermal
mismatch stress. For example, the typical CTE of a sili-
con die can be as low as 2.6 x 10-6/°C and that of a PCB
can be as high as 17 x 10-6/°C. Accelerated tempera-
ture testing simulates the actual use of the device and
varies the temperature from approximately 0°C to
100°C. Tests have shown that the components of the
integrated circuit package, i.e., the die, encapsulant and
PCB, expand and contract at different rates. Specifically,
the molding compound shrinks more than the die. And
because the die typically sits at the bottom of the pack-
age, the top of the package tends to contract more than
the bottom of the package, which curls the bottom of the
package and pulls the outer edges of the package
upward. This can lead to problems of delamination,
cracking, shearing of the conductive balls, and inevita-
bly to system failure. One type of failure is known as an
"electrical open" where any one of the conductive balls
is no longer electrically connected to the PCB or pack-
age.
[0020] Figures 1B to 3 show cross-sectional views
(section 10 of Figure 1A) of an integrated circuit pack-
age with a conductive ball land area 16. The conductive
ball land area 16 typically includes an insulting dielectric
layer or tape 14 connected to a conductive layer. Con-
ductive traces (not shown) extend between the ball land
areas and the bond pads. A via 18 formed in the dielec-
tric layer 14 exposes conductive ball pad 20. Prior to
temperature cycling, as shown in Figure 2, conductive
ball 22 electrically and mechanically connects a printed
circuit board 24 to the integrated circuit package. After
temperature cycling, as illustrated in Figure 3, the
expansion and contraction of the package from the CTE

mismatch causes stress. That stress typically shears
through the conductive ball 22 along a shear plane at
the interface 28 between the conductive ball 22 and the
conductive layer 16. Such a breakage leads to electrical
and mechanical failure of the conductive ball and ulti-
mately to a system failure.

[0021] Consequently, the design of the conductive
ball land area is important for determining the reliability
of the conductive ball joint. An industry standard is to
have the conductive ball joints maintain electrical conti-
nuity for least two thousand failure-free temperature
cycles (from 0° Celsius to 100° Celsius). For example,
this standard is used for IC packages in the telecommu-
nication market and other industries.
[0022] One technique to address this problem is to
use bigger conductive balls to increase the conductive
ball joint strength. The conductive ball joint between a
bigger conductive ball and a PCB has a larger cross-
sectional area, and subsequently provides a larger
shear plane. A drawback, however, is that the bigger
conductive balls require larger conductive ball land
areas. This increases the size of the package for the
same number of conductive balls. For the same pack-
age size, however, this reduces the potential number of
contacts between the die and the PCB and detrimen-
tally limits the total amount of leads on the circuit.
[0023] Another technique to address this problem is
to use taller conductive balls. The conductive ball joint
between the taller conductive ball and the PCB is
stronger because the distance between the limiting
point of expansion (i.e., the die with its CTE as low as
2.6 x 10-6/°C) and the PCB is increased. This reduces
the stress between the ball and the conductive ball land-
ing area. Currently the only way to achieve the taller ball
is by increasing the size of the ball, which requires a
larger ball land, as described above.
[0024] The present invention is especially important
for integrated circuit packages for high pin count devices
such as microprocessors, gate arrays, FPGAs, PLDs,
ASICs, and others. For example, a specific application
of the present invention is for packaging of Altera Cor-
poration's FLEX<, APEX<, or MAX< lines of PLDs.
The package may be a tape ball grid array, which is
used for Altera's 10K family of Fine Line and Same-
Frame products, or similar arrays. The methods of the
present invention would also improve the reliability of
lower pin count packages such as semiconductor mem-
ories, SRAMs, DRAMs, Flash EPROMs, and the like.
The package may be of varying sizes such as, but not
limited to, 11 millimeters, 17 millimeters, 23 millimeters,
27 millimeters, and 33 millimeter package outlines.
Moreover, the packages can have pin counts of, 100,
256, 484, 672, 1020, or the like. The packages may also
be overmolded with conventional transfer molding tech-
niques.
[0025] To form a ball grid array, conductive leads or
balls, such as solder balls, are attached to a flexible
tape to make electrical and mechanical contact with
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individual ball pads through vias in the dielectric layer.
Typically, the conductive balls are substantially spheri-
cal or oval in shape and have a diameter from about 12
mils to about 30 mils. Conductive balls are typically
attached using conventional reflow techniques such as
infrared, laser, convection, or vapor phrase. In one
embodiment, the conductive balls are composed of a 63
percent tin and 37 percent lead. Naturally, it will be
appreciated that the conductive ball can be any size and
composed of any suitable conductor, including but not
limited to, other tin-lead compositions, Pb-Ag-In compo-
sitions, lead, silver, tin, zinc, or the like. In other embod-
iments, the balls may be lead-free.

[0026] As shown in Figure 1B, the conductive ball
lands 10 typically have a dielectric layer 14 overlaying a
conductive layer 16. Dielectric layer 14 typically has a
thickness between 2 mils and 3 mils, and is comprised
of a patternable dielectric material suitable for insulating
the conductive layer. Such materials include, but are not
limited to polyimide, polyester, ceramic, glass, FR-4, or
BT. The conductive layer 16 typically has a thickness
between about 0.5 mil and 1 mil. The conductive layer
16 may include conductive materials such as tungsten,
titanium, conductive adhesives, aluminum, aluminum
alloys, copper, copper alloys, gold, nickel, silver, and
others. The dielectric layer and the conductive layer are
usually formed as part of a two-layered or three-layered
tape formed from any of a variety of flexible circuit tape,
flex circuit, or the like.
[0027] The distance between the conductive ball
lands, or the conductive ball pitch, typically varies
between 0.5 mil and 1.27 mils. The conductive ball pad,
(e.g. the area of the conductive layer that receives the
conductive ball) is typically composed of copper having
a nickel and gold overlay. Naturally, it will be appreciated
that the dimensions and other physical characteristics
of the conductive ball land areas may vary significantly
depending on the format and size of the integrated cir-
cuit and/or the particular format of a conductive ball
pitch of the package. A wide range of materials, compo-
sitions, and geometric shapes and sizes may be utilized
for the conductive ball land pad while still obtaining the
benefits of the present invention. For example, the con-
ductive ball pads can be comprised of any conductive
material, such as aluminum, aluminum alloys, copper
alloys, gold, silver, or the like.
[0028] Figures 4 and 5 illustrate an exemplary
embodiment of a ball land area of an integrated circuit
package 30 of the present invention. The integrated cir-
cuit package 30 has a dielectric layer 32 having a first
surface 34 and a second surface 36. A conductive layer
38 is coupled to the second surface 36 of the dielectric
layer. A via 40 is patterned in the dielectric layer to form
a third surface 42 which extends between the first sur-
face 34 and the second surface 36. A first portion of the
conductive layer or a conductive ball pad 44 is exposed
trough the via 40. A second portion of the conductive
layer or conductive structure 46 is added to the conduc-

tive ball pad 44.

[0029] The conductive structure 46 is attached to
the planar conductive ball pad 44 and may cover only a
portion of the conductive ball pad, but alternatively may
completely cover the conductive ball pad. The added
conductive structure 46 extends in the Z-direction into
the via 40 to provide a nonplanar or discontinuous inter-
face which electrically and mechanically connects the
conductive ball 48 to conductive layer 38. The conduc-
tive structure 46 can increase the strength of the con-
ductive ball bond by increasing the area of contact
between the conductive ball and the conductive ball
pad, by moving the shear plane upwards to a larger
area of conductive ball 48 and/or preventing a crack
from propagating along a planar interface 50 between
the conductive layer and the bottom of the conductive
ball. By achieving any of the above functions, the lock-
ing structure slows the propagation of the crack across
the conductive ball and increases the lifespan of the
electrical bond.
[0030] Shaped conductive structure 46 can be
added directly to the conductive ball pad 44 to add
material in the Z-direction. Conductive structure 46 can
be the same material as the conductive ball pad 44 or
different material than the conductive ball pad. In one
embodiment both the conductive ball pad 44 and con-
ductive structure 46 are composed of electroplated cop-
per. Conductive structure 46, can also be composed of
various conductive metals such as copper alloys, alumi-
num, nickel, gold, or the like. When copper is added to
the conductive ball pad 44, by electroplating or plating,
the added copper is grown radially in a dome shape.
Thus, the center of the conductive structure 46 is thicker
and plates faster than the sides of the conductive struc-
ture. While the above description generally provides a
conductive structure attached to the first portion of the
conductive layer, the present invention is not limited to
such a structure. For example, the conductive structure
can actually be nonconductive or can be mounted to the
dielectric layer. The important aspect of the "locking"
structure is that the added material interlocks the con-
ductive ball and improves the strength of the connection
between the conductive ball and the integrated circuit
package.
[0031] To create a locking structure, conductive
material is added to the conductive layer. Adding con-
ductive material also generally provides the benefit of
increasing the current handling capacity of the conduc-
tive layer. While it is possible to etch back the conduc-
tive layer to interlock the conductive ball instead of
adding material to the ball pad, etching or reducing the
conductive layer does not provide the same current
handling capacity.
[0032] In most embodiments, the conductive struc-
ture (i.e. the second portion) defines a nonplanar inter-
face which engages and interlocks the conductive ball
to the ball pad. As shown in Figure 6A, for ball pads 38
without a conductive locking structure, the interface
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between the ball pad and the conductive ball defines a
planar first surface area 39. Any crack forming in the
conductive ball will generally propagate directly across
the planar surface. As shown in Figures 6B to 6E, the
interface includes the exposed surface 41 of the con-
ductive structure and any surface 43 of the conductive
layer that is not covered by the conductive structure 46.
The nonplanar interface of the conductive structure 46
limits the movement of the fatigue crack along the plane
and forces the crack to move in a nonplanar fashion. For
example, as shown in Figure 6D and 6E, the crack will
initially continue along planar surface 45 until it reaches
surface 47. Once the crack reaches surface 47, the
crack will be stopped or forced to propagate nonplanarly
around surface 47. Moreover, as shown in Figures 6B
and 6C, for the hemispherical or dome shaped conduc-
tive structures 46, the fatigue crack is forced to move in
a longer, curved path through the conductive ball.
Accordingly, for all embodiments of the locking structure
of the present invention, it will take the crack longer to
propagate across the conductive ball and the reliability
of the electrical contact will be improved since the lock-
ing structure will prevent electrical open failures for a
greater number of temperature cycles.

[0033] It should be noted that the shape of the con-
ductive structure is not as important as the increase in
material to the conductive ball pad and the creation of a
nonplanar interface between the conductive layer and
the conductive ball. For example, as shown in Figures
6A to 6K the shape of the conductive structure can be
discontinuous, sloped, wavy, curved, hemispherical, cir-
cular, cylindrical, square, oval, a step, or the like. More-
over, multiple conductive structures can be disposed on
the conductive ball pad. Additionally, the conductive
structure may be masked and chemically or mechani-
cally etched to remove portion of the conductive struc-
ture.
[0034] The conductive layer is typically overlayed
with layers of gold 52, nickel 54, or both since conduc-
tive balls 22 adhere well to gold and nickel. Thus, as
illustrated in Figure 4, instead of adding the gold layer
and nickel layers to the first portion of the conductive
ball pad 44, the gold layer and nickel layers can be
added over the conductive structure 46 and in between
conductive structure 46 and conductive ball pad 44 to
improve the interlocking bond to the conductive ball.
[0035] The equator of the conductive ball is typically
where the conductive ball has the largest cross-sec-
tional area. While it is desirable to move the conductive
structure and shear plane to the largest area of the con-
ductive ball, in most implementations the conductive
structure does not extend that far. For example, as
shown in Figure 5, the locking structure typically
extends only to the top plane of the substrate. During
manufacturing of the package, the die is typically
attached to the substrate with the substrate positioned
on a flat surface. If the conductive structure extends out
of the via past the plane of the substrate, the substrate

would likely be positioned unevenly over the flat surface.
The uneven orientation of the substrate and die
increases the stress concentration on the die and
increases the chance of cracking the die. Notwithstand-
ing the above, it is contemplated that in other manufac-
turing methods, the conductive structure 46 may extend
up to the equator of the conductive ball 22.

[0036] Figures 7A to 7C show exemplary imple-
mentations of a conductive ball land 12 using a conven-
tional three-layer tape with punched vias 58. This
structure includes a three-dimensional construction that
takes advantage of the BGA fabrication technology. The
three layer tape is typically formed by bonding the die-
lectric layer 32 to the patterned conductive circuit layer
38 using an adhesive (not shown). The dielectric layer
32 and adhesive will typically undergo a stamping or
punching operation suitable for integrated circuit pack-
aging to form the vias. After vias 58 are formed, conduc-
tive structure 46 can be plated or electroplated onto
conductive layer 38. Conductive structure 46 is typically
added to the middle of the conductive ball pad and
plated up in the Z-direction to aid the interlocking of con-
ductive ball 48 to conductive land 46. Conductive struc-
ture 46 adds to the area to the land for the conductive
ball 48 to attach. In most embodiments, the conductive
structure 46 does not extend beyond the plane of the
first surface 34 of the dielectric layer.
[0037] Corners 64 of the conductive ball land area
can be a high stress point, and fractures or other fail-
ures often occur at these points. An inside angle of cor-
ner 64 is approximately 90 degrees and is formed by the
first surface 34 and third surface 42 meeting at an edge.
As will be described below, it is often beneficial to chem-
ically etch the third surface so as to reduce the high
stress points. Nonetheless, even with the high stress
point, the conductive structure still improves the shear
strength of the conductive ball joint by approximately
fifty percent over conventional conductive ball land
areas.
[0038] Figures 8A and 8B show another exemplary
implementation of a conductive ball land area 12. This
conductive ball land is fabricated using a two-layer tape
70 having chemically etched vias 72. (Figure 8A).
Chemically etched, two-layer tape is manufactured by
3M<. In this embodiment, the third surface 42 of the
chemically etched via extends at an angle 74 from the
second surface to the first surface. The angled sidewalls
of the via improve the conductive ball joint by eliminating
the stress point that is typically found with conventional
punched tapes. In some implementations, the corner
may be curved or scalloped. As shown in Figure 8B, the
conductive structure 46 is typically added to the middle
of the conductive ball pad 44 in the Z-direction to aid the
interlocking of the conductive ball 48 to the conductive
land 44. As the conductive structure 46 is added, a por-
tion of the conductive structure may cover a portion of
the dielectric layer or the conductive structure may be
contained entirely on the conductive structure. The plat-
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ing up of the conductive structure 46 forms a dome-like
structure over the conductive ball pad and tends to form
away from the third surface 42 of the dielectric layer 32.

[0039] Figure 9 illustrates another aspect of the
present invention. A stress relief transition medium 76
can be disposed beneath the plastic encapsulated die
78 to further alleviate the rocking and warpage effect
from the die packaging. The transition medium 76
moves the die 78 toward the middle of the package 80
and farther away from the conductive balls 48. By hav-
ing the die 78 towards the middle of the package, warp-
age, and curling are reduced since the top of the die and
the bottom of the die retract and expand at similar rates.
To achieve the similar expansion and retraction, the
transition medium 76 material should have the same
coefficient of thermal expansion (CTE) as the molding
compound 82. The transition medium material typically
has a coefficient of thermal expansion between approx-
imately 7 x 10-6/°C and 17 x 10-6/°C, and preferably
between 7 x 10-6/°C and 12 x 10-6/°C. For example, the
transition medium can be FR-5 (a material used in some
printed circuit boards), the molding compound (or simi-
lar molding compound materials), an elastomer, an
adhesive, or the like. The stress relief transition medium
and related methods are described in copending U.S.
patent application number
(Attorney Docket No. 015114-052310US), filed

, the full disclosure of which was previ-
ously incorporated by reference.
[0040] Figure 10 illustrates yet another aspect of
the present invention. Instead of having the conductive
ball lands being circular, it is possible to have the con-
ductive ball pads oval shaped. The oval shapes have a
better shear strength than circular shaped conductive
ball land pads and allow more traces between adjacent
conductive ball pads. Because the stress from the inte-
grated circuit package has been found to radiate from
the center of the package it is preferable that the major
axis of the conductive ball land pad be oriented toward
the center of the package. As above, each of the oval
conductive ball land pads can have a conductive struc-
ture disposed on the pad to improve the interlock
between the conductive ball and the conductive ball
pad.
[0041] To fabricate the conductive land area of the
present invention various methods can be used. A plat-
ing-up step is applied after initial circuit fabrication and
before final plating of the circuit land with the nickel layer
and the gold layer. The method of the present invention
permits additional build-up plating to be applied to the
conductive ball land area to enhance the construction
topography and area of the plated conductive ball land.
A construction of this type has been modeled to show
about a two-fold improvement in conductive ball fatigue
life when the component is mounted to the printed cir-
cuit board.
[0042] Referring now to Figures 11A to 11D, a die-
lectric layer 32 and a conductive layer 38 are coupled to

a nonactive side of a die or wafer (not shown) using con-
ventional methods such as adhesive. The conductive
layer 38 is patterned to form a circuit pattern and the
dielectric layer 32 is attached to the surface of the con-
ductive layer 38. As illustrated in Figures 11A and 11C,
a via 40 can be punched or chemically etched in the die-
lectric layer 32, respectively, either before or after
attachment to the conductive layer 38 using conven-
tional methods to expose a first portion of the conduc-
tive ball pad 44. Thereafter, as shown in Figures 11B
and 11D the conductive structure 46 (i.e. a second por-
tion) is added to the conductive layer 38. The conduc-
tive structure 46 mechanically and electrically connects
the conductive ball 48 to the conductive layer 38. The
conductive structure 46 can be the same material or a
different material from the conductive layer 38. In the
embodiments of Figures 11B and 11D, the conductive
structure 46 contacts the third surface 42 of the dielec-
tric layer and the conductive ball 48 does not directly
contact the conductive pad 44. Thus, the electrical and
mechanical connection between the conductive ball and
conductive ball conductive layer 38 is entirely through
the conductive material 46. However, it will be appreci-
ated that in other embodiments, the conductive struc-
ture 46 does not completely cover the conductive layer
38 and the conductive ball 48 can contact a surface of
the conductive layer 38.

[0043] Figures 12A-12F illustrate a second method
of the present invention. In this embodiment, a mask 84
and photoresist 85 are used to shape the conductive
structure 46. As shown in Figure 12A, the conductive
structure 46 is either evaporated, sputtered, deposited,
alloyed, or otherwise added to the conductive ball pad
38. Figure 12B illustrates the photoresist 85 being
applied using conventional methods such as precision
spraying, roller coating, spinning, or dip coating, so that
the surface of the conductive structure 46 has a sub-
stantially uniform coat of photoresist. Typically, the pho-
toresist is exposed through a mask 84 by a high
intensity ultraviolet light 87. As shown in Figure 12C, if
the photoresist is "positive," any portion exposed to the
light is removed. As shown in Figure 12D, the photore-
sist is then developed using conventional methods such
as immersion, spraying, or puddling, to remove the
exposed portion of the photoresist. Thereafter, as
shown in Figure 12E, the conductive structure 46 is
etched using conventional methods such as dry plasma
etching, wet etching, or chemical etching. The photore-
sist 85 is then removed and the conductive ball is
seated on the conductive ball pad (Figure 12F). Natu-
rally, it will be appreciated that "negative photoresist"
(i.e. any portion not exposed to the light is removed) can
be used in place of positive photoresist. The mask and
photoresist provide a low-cost process which can simul-
taneously involve many chips per wafer and many
wafers per evaporation. The conductive ball 48 normally
contacts both the conductive layer 38 and the conduc-
tive structure 46. Here, the conductive structure 46 does
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not contact the third surface of the dielectric layer and
the plating material forms a centered cylinder which
extends in the Z-direction from the conductor pad.

[0044] Figures 13A-13C illustrate yet another
method of the present invention. As shown in Figure
13A, the conductive structure 46 is formed on the con-
ductive ball pad 44. Using conventional methods, spe-
cific portions of the conductive structure 46 are etched
away (Figure 13B). In the embodiment shown in Figure
13C, the outer portion of the conductive structure 46
contacting the third surface 42 of the dielectric layer 32
is etched away and a centered conductive structure is
left intact. A conductive ball 48 can then be seated over
the conductive structure 46 and the conductive ball pad
44 to mechanically and electrically couples the inte-
grated circuit package to a printed circuit board (not
shown).
[0045] This description of embodiments of the
invention is presented for the purposes of illustration
and description. It is not intended to be exhaustive or to
limit the invention to the precise form described, and
many modifications and variations are possible in light
of the description above. The embodiments were cho-
sen and described in order to best explain the principles
of the invention and its practical applications. This
description of embodiments will enable others skilled in
the art to best utilize and practice the invention in vari-
ous embodiments and with various modifications as are
suited to the particular use contemplated. It is intended
that the scope of the invention be defined by the follow-
ing claims.

Claims

1. A substrate comprising:

a dielectric layer comprising a first surface, a
second surface, a via, and a first thickness
between the first surface and the second sur-
face; and
a conductive ball pad comprising a first portion
and a second portion, wherein the conductive
ball pad is positioned to permit electrical cou-
pling through the via to a conductive ball,
wherein the second portion of the conductive
ball pad defines a nonplanar interface for the
conductive ball, and wherein the second por-
tion extends a second thickness through the via
in a direction of a plane of the first surface.

2. The substrate of claim 1 wherein the via comprises
a third surface, wherein the third surface extends
from a plane of the second surface to the first sur-
face at an angle, and the second portion of the con-
ductive ball pad touches the third surface.

3. The substrate of claim 1 further comprising a con-
ductive ball, wherein the second portion of the con-

ductive pad prevents a crack from propagating
along a plane through the conductive ball.

4. The substrate of claim 1 wherein the first portion
and second portion of the conductive ball pad are
different materials.

5. The substrate of claim 1 wherein the second por-
tion comprises a surface that is nonplanar with the
first surface.

6. The substrate of claim 1 wherein at least one of the
first portion and second portion of the conductive
ball pad is coated with a layer comprising gold,
nickel, or silver.

7. The substrate of claim 1 wherein the dielectric layer
comprises polyimide, polyester, silicon, BT, FR-4,
glass, or ceramic.

8. The substrate of claim 1 wherein the shape of the
second portion of the conductive ball pad is discon-
tinuous, hemispherical, wavy, curved, a dome, cir-
cular, stepped, sloped, or cylindrical.

9. The substrate of claim 1 wherein the first portion is
planar.

10. A semiconductor package comprising:

a dielectric layer comprising a first surface, a
second surface, and a via extending between
the first surface and the second surface;
a conductive pad coupled to the second sur-
face of the dielectric layer, wherein the via in
the dielectric layer is positioned to permit elec-
trical coupling between a conductive lead and
the conductive pad, the surface of the conduc-
tive pad defines a first surface area; and
a conductive structure disposed over at least a
portion of the conductive pad and extending
into the via, wherein an exposed surface of the
conductive structure and any exposed surface
of the conductive pad define a nonplanar inter-
face which engages the conductive lead,
wherein the nonplanar interface has a larger
surface area than the first surface area.

11. A method comprising:

providing a dielectric layer having a via;
exposing a portion of a conductive layer
through the via in the dielectric layer; and
adding a conductive material to the conductive
layer to create a non planar interface which is
exposed through the via.

12. The method of claim 11 wherein the non-planar
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interface is discontinuous.

13. The method of claim 11 wherein the non planar
interface has a larger surface area than the conduc-
tive layer exposed through the via.

14. The method of claim 11 wherein the adding step is
carried out by plating up copper directly on the con-
ductive layer.

15. The method of claim 11 wherein the adding step is
carried out with a mask and photoresist.

16. The method of claim 11 further comprising etching
away a portion of the non planar interface.

15 16

5

10

15

20

25

30

35

40

45

50

55



EP 1 035 579 A2

10



EP 1 035 579 A2

11



EP 1 035 579 A2

12



EP 1 035 579 A2

13



EP 1 035 579 A2

14



EP 1 035 579 A2

15



EP 1 035 579 A2

16



EP 1 035 579 A2

17



EP 1 035 579 A2

18



EP 1 035 579 A2

19



EP 1 035 579 A2

20



EP 1 035 579 A2

21



EP 1 035 579 A2

22



EP 1 035 579 A2

23



EP 1 035 579 A2

24



EP 1 035 579 A2

25


	bibliography
	description
	claims
	drawings

